Abstract. Nonlinear dynamics including stability and Hopf bifurcation of the MR damper system are investigated in this paper. All the equilibriums of the system and their stability are studied in detail. Using the Hopf bifurcation theorem and the first Lyapunov coefficient, the conditions and the type of Hopf bifurcations for the system are obtained. With the Runge-Kutta method, numerical simulations are given, which verify the analytic results.
Introduction
MR fluids is a kind of smart materials, it can be transformed from Newton fluids into visco-plastic solid by varying the strength of the magnetic field. The dampers made by MR fluids have a number of attractive features, for example, inexpensive to manufacture, small power requirements, reliability, stability and can continually change its state. MR damper is widely used in the civil engineering, vehicle suspension system and its structural characteristics have been extensively studied [1] [2] [3] [4] [5] [6] .
Nonlinear dynamic characteristics of the MR damper system are investigated in this paper. All the equilibriums of the system and their stabilities are studied. Using the Hopf bifurcation theorem and the first Lyapunov coefficient, the conditions and the type of Hopf bifurcations for the system are investigated. With the Runge-Kutta method, the phase portraits of the system are given, which verify the analytical results.
Dynamic Model of the MR Damper System
The dynamical equation of the magnetorheological semi-active control system is as follows:
where m represents the systematic quality, k represents the vertical stiffness, 0 c represents the
and A are the coefficient related to MR, z is the hysteretic displacement of MR, MR represents magnetorheological group's machine. By transforming variable , the dimensionless equation of state of it's homemade system is 
The Equilibrium Points of the System and Stability Analysis
We can obtain the equilibrium points of system (2) as follows:
The Jacobian matrix evaluated at ( , , ) ( , , )
The characteristic equation of M is:
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The characteristic equation corresponding to (0, 0, 0) O is:
By Routh-Hurwitz criterion, O is stable if and only if the following conditions are satisfied:
In the same way, we can easily obtain that P + and P − are unstable.
Hopf Bifurcation Analysis
According to the Hopf bifurcation theory, when the Eq. (6) has a couple of imaginary eigenvalues satisfying the following conditions, Hopf bifurcation may appear. 
where 0 b is the critical value of b for Hopf bifurcation. In the same way, we can obtain the characteristic equations corresponding to P + and P − cannot have a couple of imaginary eigenvalues satisfied to the station (7). According to the Hopf bifurcation theory, on P + and P − , the hopf bifurcation may not appear.
The following, we use the first Lyapunov coefficient [7] to discuss the supercriticality or subercriticality of the Hopf bifurcation. Let (2) evaluated at O is:
The first Lyapunov coefficient of the system (2) at the origin point O can be written as [8, 9] :
Next, we calculate the corresponding vectors , p q of the matrix M as in Eq. (7). By tedious calculations, we have the vector quantity , p q corresponding to the matrix M satisfy , 
we have 
Consequently, we have 
On the base of these parameters, the Hopf bifurcation is supercritical.
Numerical Simulations
Numerical results are obtained by using fourth-order Runge-Kutta method in this section. We
, and obtain the phase portraits and history curves as Fig.1-2 , from which we can see that the results agree with the analytical ones. 
Conclusions
Using the analytical and numerical methods, local dynamic behaviors including stability and Hopf bifurcatio for a class of MR damper system are investigated. It is presented that the Hopf bifurcation of the system is supercritical. The results provide some guidance for the structural analysis and design of this system.
